Objective: Management of Morel-Lavallee soft tissue lesion (MLL) in patients with associated pelvic and/or acetabular fractures is still under discussion. Especially, the sequence of treatment of MLL soft tissue management and osteosynthesis of pelvic and acetabular injury remains controversial. Methods: We report all consecutive patients with MLL associated with pelvic ring and/or acetabular fractures during an 8-year period at our hospital. Surgical access and techniques were analyzed concerning complications and outcome. Results: Altogether, 20 patients were included in the study. One patient was treated conservatively and MLL healed without complications; 19 patients had an operative treatment of MLL. In 15 patients debridement was performed within one day after injury and in four patients with delay of 5 days at least. Ten patients had surgery for an associated pelvic ring or acetabular fracture. In four of them MLL was operated before, in six patients simultaneously to osteosynthesis. In three patients, the same surgical approach for osteosynthesis and debridement of MLL was used; none of them showed postoperative complications. Altogether, in nine operated patients (47.4%) MLL healed without any complications. Nine operated patients presented prolonged wound healing, however, during long term follow-up, all patients showed complete healing of the MLL. One patient died during resuscitive surgical procedures. Conclusions: We recommend debridement for early and delayed treatment of MLL. Osteosynthesis during first debridement may be performed without adverse outcome. Identical surgical access for both procedures can be used. In case of repeated surgical debridement VAC Ò therapy may be a helpful tool for dead space reduction and wound conditioning.
Introduction
Morel-Lavallee described a closed degloving injury in the year 1853 as ''Dé collement traumatique de la peau et des couches sous-jacents'' [1] . Letournel and Judet referred to degloving injuries occurring over the region of the greater trochanter as a Morel-Lavallee lesion (MLL) [2] . The combination of shearing and compressing forces creates a cavity that is filled with hematoma, resulting from the disruption of transaponeurotic vessels and a mixture of viable and necrotic fat. Closed degloving injuries represent a severe traumatic separation of the skin and subcutaneous tissue from the underlying fascia [3, 4] . The area of degloving can occur anywhere over the trunk, buttock, or thighs [2, 5, 6] . The diagnosis of these closed degloving injuries is based on physical examination. The presence of a soft fluctuant area is the characteristic physical finding. Variable cutaneous hemorrhages, decreased cutaneous sensation or local contusion marks are often associated in the area of degloving ( Figure 1 ). If there should be uncertainty about the diagnosis, a needle aspiration of the area can be performed to confirm the presence of haematoma [7] . To diagnose or exclude an accompanying fracture a conventional radiography or CT scan is obligatory. Extensive cavity formation in case of MLL may be seen on CT scan ( Figure 2 ).
The affected skin from direct trauma in combination with reduced soft tissue perfusion as a result of increased pressure in the cavity may result in epidermiolysis and necrosis. This may result in a soft tissue infection. Previous reports have documented their potential to be colonized with bacteria at the time of initial drainage, even though they are closed injuries [2, 5, 6] . A soft tissue infection has an impact of a potential osteosynthesis of an underlying osseous lesion [6, 8, 9] .
Various methods have been suggested for the treatment of these degloved areas, including compression dressings, needle aspiration, injection of sclerosing agents such as tetracycline, deep fascial fenestration, percutaneous surgical drainage, and open surgical debridement [3, [5] [6] [7] [10] [11] [12] [13] .
Management of MLL in patients with associated pelvic and acetabular fractures is still under discussion. Especially, sequence of treatment of MLL and osteosynthesis of pelvic and/or acetabular injury remains controversial. This study reports our experience on patients with MLL associated pelvic and/or acetabular fractures.
Materials and Methods
The data pertaining to 20 consecutive patients with an acute Morel-Lavallee soft-tissue degloving injury were reviewed retrospectively; 800 patients with pelvic ring and/or acetabular fractures were admitted to trauma centres during an eight-year period between 1998 and 2006. All of the 20 patients with MLL had pelvic ring fractures; 5 (Nos. 1, 3, 4, 10, 16) of the 20 patients had an additional acetabular fracture. The incidence in our review of MLL in combination with pelvic ring fracture was 2.5% and in combination with acetabular fracture was 0.6%. The average age of the patients was 39 years (range, 13-73 years, SD 17.5). Fifteen of the patients were male. An 88-year-old patient with lateral compression pelvic injury and bilateral MLL over trochanteric region, suffering multiple injuries (ISS of 34) died after decision to ''therapia minima'' in the emergency room. While this patient fulfilled all our study criteria he was excluded. The severely injured patients were managed according to the Advanced Trauma Life Support Ò guidelines [14] . MLL was diagnosed in all patients on admission day. The diagnosis was based on physical findings consisting of a fluctuant area with variable dimension of ecchymosis around the pelvic girdle. None of the 20 patients had a full-thickness skin lesion. The locations of MLL in our study group are summarized in Table 1 . Mechanisms of injury were car accidents in five patients (Nos. 4, 5, 7, 8, 11) , motorbike accidents in four patients (Nos. 2, 13, 15, 17) , bicycle accidents in three cases (Nos. 12, 14, 16), pedestrian accidents with a car in four patients (Nos. 3, 6, 19, 20) and four falls from great height (Nos. 1, 9, 10, 18). Associated injuries to MLL in combination with pelvic ring and/or acetabular fracture are presented in Table 2 . The mean injury severity score (ISS) of the 20 patients was 25.85 points (range, 9-50 points, SD 11.9) with a mean revised trauma score (RTS) of 7.159 (range, 4.094 to 7.841 points, SD 1.059) [15] [16] [17] .
Operative treatment included centric incision over the full distance of lesion, debridement, extensive irrigation with saline solution and copious hemostasis in all operated patients. Irrigation was performed until the fluid was completely clear. If soft tissue situation after debridement and hemodynamic situation allowed, tending sutures and primary wound closure with drainage was performed in 11 patients (Nos. 1, 2, 3, 4, 8, 11, 15, 16, 17, 19, 20) . If damage control procedures were necessary because of patient overall situation [18, 19] or in critical wound situations were primary closure of the wounds was not indicated, temporary packing (Nos. 5, 9, 18) or vacuum-assisted closure (VAC Ò ) -therapy (Nos. 6, 7, 12, 14) were used [20] [21] [22] . Specimens of wound fluid for bacteriological examination were examined from 19 patients. Perioperative antibiotics as prophylaxis intravenously were admitted in all cases Table 3 . A planned second-look operation was performed in 12 (63.2%) of 19 operated patients (Nos. 1, 2, 5, 6, 7, 10, 11, 12, 14, 15, 17, 18) .
Healing of the Morel-Lavallee degloving injury was predefined as inconspicuous skin over the former lesion region and the disappearance of skin mobility 6 months after injury. Complication in treatment of the MLL was predefined as prolonged healing because of persisting fluctuation, necrosis, fistulation or colonization of the soft tissue with micro-organism.
Results
Altogether 20 patients were included in the study. One patient (No. 13) was treated conservatively where MLL healed without any complications; 19 of the 20 patients had an operative treatment of MLL. The types of associated pelvic and acetabular fractures are summarized in Table 4 .
Fifteen (78.9%) patients (Nos. 1, 2, 3, 5, 6, 7, 9, 10, 11 , 12, 14, 15, 17, 18, 20) had an operative treatment of MLL within 24 h after injury. Four (21.1%) patients (Nos. 4, 8, 16, 19) had an operative treatment of MLL with delay of 5 days at least. Reasons for subsequent operative treatment of MLL were manifold and summarized in Table 5 . A 25-year-young patient (No. 9) died in spite of damage control operation including pelvic stabilization and packing of MLL after a fall over 10 m (ISS 41 points) due to hemorrhagic shock on admission day.
Six (Nos. 2, 5, 7, 9, 11, 14) of the twenty pelvic ring fractures were fixed surgically, in two patients (Nos. 7, 11) the MLL was treated in an earlier intervention and in four patients (Nos. 2, 5, 9, 14) during the surgical treatment of the pelvic ring injury. In only one patient (No. 2) same surgical approach was used for debridement of MLL and internal fixation.
Two (Nos. 3, 10) of the five acetabular fractures were fixed surgically; treatment of MLL was performed before acetabular reconstruction in both patients. In both cases a different surgical approach for osteosynthesis was used than for debridement of soft tissue lesion. Two patients (Nos. 1, 4) had surgery for acetabular and pelvic ring fracture, MLL was treated in the same intervention through identical surgical incision. All osteosyntheses -beside patient No. 7 -were performed with standard reconstruction plates; a distance osteosynthesis was used in patient No. 7.
The other ten patients (50%) had no surgery for an associated pelvic ring or acetabular fracture, but nine (Nos. 6, 8, 12, 15, 16, 17, 18, 19, 20) of them had operative treatment of MLL.
Average time from injury to the first surgical debridement in the 19 patients was 2.5 days (range 1-13 days). All lesions showed negative bacteriological culture at the time of initial debridement.
Twelve out of nineteen patients had a second-look operation (Nos. In nine (47.4%) patients (Nos. 7, 8, 10, 11, 12, 14, 16, 17, 19) of the nineteen operated patients one of the predefined complications has been found, Table 6 . Three (33%) of these nine patients (Nos. 8, 16, 19) had a delayed operative treatment of MLL.
Three of nine patients with complicated healing (Nos. 7, 10, 12) showed infection of the soft tissue with positive cultures of specimens taken from the wound during the first second-look operation.
A 43-year-old patient (No. 7) after a car accident in a foreign country with type C pelvis injury and femur fracture at MLL side was treated with external fixator and intramedullary nailing after open debridement of MLL. Nine days after injury on admission in our unit this patient presented a deep tissue infection over MLL region (Enterobacter cloacae, Acinobacter baumannii, Pseudomonas aeruginosa), with additionally femoral posttraumatic osteitis. The femoral nail was removed; the femoral canal was reamed and temporarily fixed with external fixator. After repeated debridements and VAC Ò therapy for wound conditioning secondary 34  4  3  3  2  17  27  3  3  3  2  18  17  3  2  2  19  13  3  2  20  22  3  3  2  2 a Injury severity score [15] b Abbreviated injury score [27] Steiner CL, et al. closure of the wound was achieved. In an infection-free situation internal fixation of the pelvic fracture was performed through a separate surgical approach 17 days after trauma and the femoral fracture was definite stabilized by plating 25 days after trauma. A 27-year-old patient (No. 10) with MLL femorogluteal after fall from 10 m had Escherichia coli microorganism taken from specimens taken during second-look operation of MLL. Surgery for the isolated acetabulum fracture was performed through a separate approach. Uneventful wound healing was reached under antibiotic therapy, without further surgical treatment.
A 73-year-old patient (No. 12) with MLL sacrogluteal after bicycle accident had deep tissue infection with staphylococcus aureus after open debridement and temporary packing. The sacrum fracture was treated conservatively. Wound healing after VAC Ò therapy with wound conditioning with three secondlook operations was achieved after 19 days.
Antibiotic treatment was necessary in all abovementioned patients, adjusted on the basis of the bacteriological findings and proceeded till an infection-free situation was achieved.
All of the 18 surviving operated patients had an inconspicuous wound at discharge after mean hospitalisation time of 28.7 days (range 5-94 days, SD 19.8).
Eighteen of nineteen surviving patients were included in the follow-up; follow-up is missing in one patient (No. 1) who was transferred to country of origin after a 3-week hospitalization in our clinic. The average follow-up time in these 18 patients was 45.16 months (range 13.8-102.5 months, SD 22.6). All of them reached healing of the MLL tissue damage.
Discussion
Morel-Lavallee lesion is a rare but major soft tissue injury around pelvic girdle.
The significance of the soft-tissue injury may not be initially apparent. Hudson et al. reported a delay in the diagnosis for one-third of the patients in their series [3, 7] . In our series we diagnosed this specific soft tissue injury in all of the 20 patients within 1-day after injury.
Hak et al. [6] reviewed the diagnostic methods, which include clinical signs as well as needle aspiration. Lesions also may be visible on CT scan [23] . In our group diagnosis based on physical findings, no needle aspiration was performed. Larger cavities filled with hematoma were visible on CT scan.
The majority of authors suggest, once the lesion is identified, the hematoma must be evacuated and any necrotic tissue must be removed as neglected lesion can become infected, complicating management [2, 3, 5, 6, 11, 13, 24] . Harma et al. [4] propose in their series [7, 26] . Open debridement was recommended for cases that are diagnosed delayed [2, 3, 5, 6, 11, 13, 24] . Hak et al. [6] showed in their series with 24 patients in 46% positive culture at the time of the initial debridement, which was after 13 days in average. Over a MLL skin is by definition intact but is damaged by the energetic local impact, so infection comes from circulating bacteria or translocation. Therefore, a certain period of time must pass before lesion becomes colonized. Tseng et al. [7] postulated that if diagnosis of MLL is made early there may be lower rate of infected lesions. The low rate of infection in only three patients (15.8%) in our study may be a result of early first surgical debridement on an average of 2.5 days (range 1-13 days) after injury. Unattended none of the four patients with delayed debridement (after 5-13 days after injury) had positive cultures of specimens taken from the wound. The absence of infection in the group with delayed debridement stays in contrast of others studies, which argue an increasing rate of soft tissue infection by deleted operative treatment [2, 5, 6] . A cause therefore is indistinct, furthermore is this number of four patients not significant.
Ten of the twenty patients had surgery for an associated pelvic and/or acetabulum fracture. In four patients MLL was treated in a previously operation than fracture fixation and in six patients at the same time. In three cases the same surgical approach for internal fracture fixation and operative treatment of MLL was used and none of patients had signs of infection.
We conclude that treatment of MLL should be performed by incision over the whole length of lesion, with debridement, extensive irrigation, tending sutures and placement of wound drainage. A non-operative treatment of MLL should be an exception and might be applied for small MLL with out need of further pelvis osteosynthesis. If operative fixation of displaced pelvic ring or acetabulum injuries is indicated, open debridement of MLL can be performed before or during osteosynthesis. Identical surgical access for osteosynthesis and for debridement of MLL can be used without increased infection rate. If MLL is away of osteosynthesis approach two incision are proposed. In case of repeated surgical debridement due to positive culture of the wound or uncertain soft tissue conditions VAC Ò therapy may be a helpful tool for dead space reduction and wound conditioning.
